Practical guide to OpenMX calculations

 Getting started with a cif file

« Benchmark calculations by runtest(L)
 Specification of PAO and VPS
 Choice of the cutoff energy

« Calculation of energy curves

« SCF calculations

« Geometry optimizations
 Choice of basis functions
 Surface states and floating states
 Restarting of the calculation
 QOutputting files in a binary mode



Benchmark calculations by runtest(L)

Even after successfully completing the OpenMX installation, the program may not work properly. This
problem is often caused by compiler options (-O3) or numerical libraries.

C , For the MPI parallel running
By running ‘runtest’ or

‘runtestL’, you can confirm that
the whole set of functionality is
working properly.

% mpirun -np 8 openmx -runtest
For the OpenMP /MPI parallel running
% mpirun -np 8 openmx -runtest -nt 2

The results are output to ‘runtest.result’ showing the difference between the stored results (total energy and force).

1  input_example/Benzene.dat Elapsed time(s)= 4.78 diff Utot= 0.000000000000  diff Force= 0.000000000002
2 input_example/C60.dat Elapsed time(s)= 14.96 diff Utot= 0.000000000019  diff Force= 0.000000000004
3 input_example/CO.dat Elapsed time(s)= 9.86 diff Utot= 0.000000000416  diff Force= 0.000000000490
4 input_example/Cr2.dat Elapsed time(s)= 10.70  diff Utot= 0.000000000000 diff Force= 0.000000000044
5 input_example/Crys-MnQO.dat  Elapsed time(s)= 19.98  diff Utot= 0.000000004126  diff Force= 0.000000001888
6 input_example/GaAs.dat Elapsed time(s)= 26.39 diff Utot= 0.000000001030  diff Force= 0.000000000007
7  input_example/Glycine.dat Elapsed time(s)= 5.48 diff Utot= 0.000000000001  diff Force= 0.000000000000
8 input_example/Graphited.dat Elapsed time(s)= 5.00 diff Utot= 0.000000002617  diff Force= 0.000000015163
9  input_example/H20-EF.dat Elapsed time(s)= 4.88 diff Utot= 0.000000000000  diff Force= 0.000000000113
10 input_example/H20.dat Elapsed time(s)= 4.60 diff Utot= 0.000000000008  diff Force= 0.000000013375
11  input_example/HMn.dat Elapsed time(s)= 13.44  diff Utot= 0.000000000001  diff Force= 0.000000000001
12 input_example/Methane.dat Elapsed time(s)= 3.64 diff Utot= 0.000000000001  diff Force= 0.000000002263
13  input_example/Mol_ MnO.dat Elapsed time(s)= 9.43 diff Utot= 0.000000003714  diff Force= 0.000000000540
14  input_example/Ndia2.dat Elapsed time(s)= 5.67 diff Utot= 0.000000000004  diff Force= 0.000000000001

Total elapsed time (s) 138.79

‘runtestl’ is a test with a large job. It is useful for measuring machine performance.

Results on various computers are available in work/input_example and work/large_example.



Database of PAO and VPS

https://t-ozaki.issp.u-tokyo.ac.jp/vps_pao2019/
Database (2019) of optimized VPS and PAO

The database (2019) of fully relativistic pseudopotentials (VPS) and pseudo-atomic orbitals
(PAO), generated by ADPACK, which could be an input data of program package,
OpenMX. The data of elements with the underline are currently available. When you use
these data, VPS and PAO, in the program package, OpenMX, then copy them to the
directory, openmx*.*/DFT_DATA19/VPS/ and openmx*.*/DFT_DATA19/PAQ/, respectively.
The delta gauge of OpenMX with the database (2019) is found at here.
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Specification of PAO and VPS

PAO and VPS are specified by the following keyword:

<Definition. of. Atomic. Species
0 07.0-s2p2dl 0 PBE19

H H/. 0-s2pl H_PBE19
Definition. of. Atomic. Species>

e O7.0 means O7.0.pao.

« -s2p2d1 means 2, 2, and 1 radial functions are allocated to
s-, p-, and d-orbitals.

* In this case, for oxygen atom, 2x1+2X3+1X5=13 basis

functions are allocated.

O _PBE19 means O _PBE19.vps.

The path for O7.0.pao and O_PBE13.vps is specified by
DATA.PATH  ../DFT_DATA19

Default value 1s “../DFT DATAI19’.



How to choose basis functions: H,O case
By clicking H7.0.pao and O7.0.pao in the database(2019), you may find the following

https://t-ozaki.issp.u-tokyo.ac.jp/vps_pa02019/H/index.html https://t-ozaki.issp.u-tokyo.ac.jp/vps_pao2019/0O/index.html

R R R R R L e R s et e st e Tttt e etstrs]

Eizen values(Hartree) of pseudo atomic orhitals Eigen values(Hartree) of pseudo atomic orhitals
R R R LR Tttt It e I I It
Eigenvalues H70pa0 Eigenvalues O70pa0 1
Lnax= 3 Mul=15 4 Lmax= 3 Mul=15 ¥

| mu nan -0.23595211035442 [ mu n o -0.87913976230231

[ mu 0O 1 D.141DBSBEEE1EE?‘§ [ mu 0O 1 0.05309061901229

| mu n 2 0.61751730037441 [ mu n 2z 0.52709275865941

| mu n 3 1.31890671598573 ES [ mu n 3 1.248985140722517

[ mu 0O 4 2.2405276560830% | mu 0O 4 2.91829552402723

| mu na 3.537954791 544651 [ mu na 3.41945468359267

l mu 0O 6 4.73486369825610 | mu 0 B 4.84509607059749

| mu n 7 B.306085874470710 [ mu n 7 F.4858250901 42365

| mu n s g.09282718517299 [ mu n A 8.534207134316001

[ mu 0O 9§ 10.094684035732420  mu 0 9 10.39873244132192

| mu n1n 12.31085267019158 [ mu 010 12.685153764955925

| mu o 14.7405731 4485275 [ mu 0 15.1042866881369534

[ mu 012 17.38277545742691 | mu 012 17.74677530562347

| mu ni13 20.23645080753857 ES [ mu 013 20.586553940532633 ;2

| mu ni14 23.530075926597344 [ mu 014 23.8295 7122674031

[ mu 1 00 0.109146545890465  mu 1 0 -0.33075182895354

| mu 1 1 0.47776040452236 [ mu 1 1 0.16576499567753

[ mu 1 2 1.06933680433686 | mu 1 2 0.641292743864835

| mu 1 3 1.882613311245981 [ mu 1 3 1.35885471521821

| mu 1 4 2.911755865835034 [ mu 1 4 2.531577697411430

[ mu 1 5§ 4.15601154759448 | mu 1 & 3.500526183749026

| mu 1 B B.61454131060210 [ mu 1 FB 4.91541590421348

| mu 1 7 7.28681796295307 [ mu 1 7 F.554997933453396

[ mu 1 8§ 9.17254361476158 | mu 1 8 8.43634105410091

| mu 1 4 11.271567EE390588 [ mu 1 4 10.527335404759735

| mu 110 13.583813345695800 [ mu 110 12.8327659897805839

| mu 1 11 16.10921637 4959580 [ mu 1 11 15.348801 71573570

| mu 112 18.834767560575107 [ mu 112 18.07414652417004

[ mu 113 21.79802110024635 [ mu 113 21.01013110934429 E;

| mu 1 14 24.96300480798286 [ mu 1 14 24.1595360716E5ER

| mu 20 0.27851528500170 [ mu 2.0 0.26162943257116

[ my 2 1 0.76970400958463 [ mu 2 1 0.70705247436937

| mu 2 1.4757681 4457054 [ mu 22 1.3471 4706672243

l mu 2 3 2.39881523735167 | mu 2 3 2.18799459356269

Y oA T ORATIA0ARAATTRA | mu 24 3.26511989658328

Choosing states with lower eigenvalues leads to H7.0-s2p1 and O7.0-s2p2d1.



How to choose basis functions: Si case(1)

Si7.0.pao

Eizenvalues

Lmax= 3 Mul=1h
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Orbitals with lower eigenvalues in Si7.0.pao are taken into
account step by step as the quality of basis set is improved.
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Si7.0-s1p1

S17.0-s1p1d1
S17.0-52p2d1
S17.0-53p2d2f1
518.0-53p2d2f1

Si7.0-s2p2d1 is
1 enough to discuss
structural properties.

By comparing Si7.0-
1 s3p2d2fl with Si8.0-
s3p2d2f1, it turns
out that

convergence is
achieved at the
cutoff of 7.0(a.u.).
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Lattice constant (Ang.)
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Energy (eV)
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How to choose basis functions: Si case(2)

With respect to band structure, one can confirm that Si7.0-s2p2d1
provides a nearly convent result.
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While the convergent result is achieved by use of Si7.0-s3p2d2f1(Si7.0-
s3p3d2f1), Si7.0-s2p2d1 is a balanced basis functions compromising accuracy
and efficiency to perform a vast range of materials exploration.



Basis set superposition Error (BSSE)

Binding energy

Equilibrium O-O || Dipole moment Binding energy (couterpoise
distance (Ang.) (Debye) {kcal/mol) corrected)
(kcal/mol)
07.0-s2p2d1, H7.0-s2p1 2.899 2.54 557 5.21
07.0-s3p3d2, H7.0-s3p2 2.897 245 5.48 5.48
Other calc. 2.89034 5.15¢
Expt. 2.98" 2.60" 544"

https://t-ozaki.issp.u-tokyo.ac.jp/vps_pao2019/O/index.html

A series of benchmark calculations implies that BSSE is
~(0.5 kcal/mol for molecular systems.




Recommendation of choices for PAO

VPS Valence electrons | Quick Standard Precise

E 0.0 Kr10.0-s1pl Kr10.0-s2p1d1 Kr10.0-s2p2d1£1
H_PBE19 1.0 H5.0-s2 H6.0-s2pl H7.0-s2p2d1
He_PBE19 2.0 He8.0-s1pl He8.0-s2pl Hel0.0-s2p2d1
Li_PBE19 3.0 Li8.0-s3pl Li8.0-s3p2 Li8.0-s3p2d1
Be_PBE19 2.0 BeT7.0-s2pl Be7.0-s2p2 Be7.0-s3p2d1
B_PBE19 3.0 B7.0-s2p2 B7.0-s2p2d1 B7.0-s3p2d2
C_PBE19 4.0 C6.0-s2p2 C6.0-s2p2d1 C6.0-s3p2d2
N_PBE19 5.0 N6.0-s2p2 N6.0-s2p2d1 N6.0-s3p2d2
O_PBE19 6.0 06.0-s2p2 06.0-s2p2d1 06.0-s3p2d2
F_PBE19 7.0 F6.0-s2p2 F6.0-s2p2d1 F6.0-s3p3d2f1
Ne_PBE19 8.0 Ne9.0-s2p2 Ne9.0-s2p2d1 Ne9.0-s3p2d2
Na_PBE19 9.0 Na9.0-s3p2 Na9.0-s3p2d1 Na9.0-s3p2d2
Mg _PBE19 8.0 Mg9.0-s2p2 Mg9.0-s3p2d1 Mg9.0-s3p2d2
Al_PBE19 3.0 Al7.0-s2p1d1 Al7.0-s2p2d1 Al7.0-s3p2d2
Si_PBE19 4.0 Si7.0-s2pld1 Si17.0-s2p2d1 Si7.0-s3p3d2
P_PBE19 5.0 P7.0-s2p2d1 P7.0-s2p2d1f1 P7.0-s3p2d2f1
S_PBE19 6.0 S7.0-s2p2d1 S7.0-s2p2d1f1 ST.0-s3p2d2f1
CLLPBE19 7.0 CI7.0-s2p2d1 C17.0-s2p2d1f1 CI7.0-s3p2d2f1

See also the pages 55 and 56 in the manual.




Specification of the directory storing *.pao and *.vps

The directory DFT_DATA can be specified by the keyword In
your input file as

DATA.PATH  ../DFT_DATA19

Both the absolute and relative paths can be specified.



Choice of cutoff energy

scf.energycutoff 200 # default=150 Ryd
The FFT grid is used to discretize real space and calculate E;.., E, ., and can be specified
by scf.energycutoff.
_ Cutoff energy Total energy

In most cases, 200 Ryd is —7.92r (Hartree) (Hartree) ]
enough to get convergence. » 10 -7.938616239814 il

QO 20 —-8.072168056546

E Z 96 40 —-8.027966862891
= /. I a0 -8.031120851475 N

However, large cutoff = 190 8032504007515
energy (300-400 Ryd) has L 160  -8.032633125017 i

- 200 —-8.032757934831

be used cases such as use > 0 e 300 _8 032868310857
i i —OfT 400 —-8.032889912070 ]

of pseudo_potentlals with 2 500 o 092889566724
deep semi-core states. o 1 1000 -8.032875148655 .

4]
= L & L ]
2 -8.04f -
_ Total energy of a methane molecule i
Memory requiment
O E3/2 -808 ! ! ! ! | | | | |
(E*) 0 200 400 600 800 1000

Cutoff energy (Ryd)



Choice of cutoff energy

Geometry optimization of H,O

Dependency of optimized structure of

H,O on scf.energycutoff. It turns out that
180Ryd. is enough to reach the -
convergence.

Table 1: Convergence of structural parameters, dipole moment of a water molecule with respect
to the cutoff energy. The input file is 'TH20.dat’ in the directory 'work’.

Ecut(Ryd) r(H-O) (A) / (H-O-H) (deg) Dipole moment (Debye)

60 0.970 103.4 1.838
90 0.971 103.7 1.829
120 0.971 103.7 1.832
150 0.971 103.6 1.829
180 0.971 103.6 1.833

Exp. 0.957 104.5 1.85




Volume vs. Energy curves

The following keywords are available to calculate energy curves.

MD.Type EvsLC #
MD.EvsLC.Step 0.4 # default=0.4%
MD.maxIter 32 # default=1
I I 1 I I | I I I I 1 I/ I A 32 Z
When the energy curve for bulk - — ] =
system is calculated as a function I — 28 §
of the lattice parameter, a sudden 0 I M -
change of the number of real space E 17943 124 @
grids is a serious problem which | —e— 200 Ryd ] f
produces an erratic discontinuity g i —e— 290 Ryd 120 g
on the energy curve. To avoid this, & i Fixed (32x32x32) 16 ®
the number of grids should be D i ] L3
fixed by explicitly specifying the :g -179.14 | l1p 2
following keyword: = - - 2
B 18 =
scf.Ngrid 323232 I . ] @
094 096 0.98 1 1.02 1.04 1.06 1.08

The numbers correspond to the number of
grid along a-, b-, and c-axes, respectively.

scf.Ngrid is used if both the keywords MD.EvsLCflag 110 # along a, b, c-axes
scf.energycutoff and scf.Ngrid are specified. 1: varied, 0O: fixed

al/a0



Self-consistency: Simple charge mixing

The KS effective is constructed from p.
However, p is evaluated from eigenfaunctions of KS eq.

FaY Fa 1
J ] _ 2 .
Hxsoi = ¢;0;  Hgs = —5V + Voff

Ueft = Uext (I') T :E"}Hz-l.l‘tl‘ﬂﬂ(r) - <
plr) =2 i (x)ei{r)

Simple charge mixing method

The next input density is constructed by a simple mixing of input and output densities.
(in) (111) (Out)
Pn4+1 — QPp (1 o 05)

It works well for large gap systems and small sized systems.



Self-consistency: RMM-DIIS

Idea:

Minimize the norm of a linear combination of previous residual vectors.

R“"'l - Z ST S ‘R”(q) = ,ﬁ?l;:illlt,l(qj
m=n—(p—1) .

{I i) fR |R = Z Bna( )R’Hf((l)

) q W (q) '

F = {E?’L—Fl ‘Rn-kl} — A (l - i
; Kerker e

- factor : —
= Z '-f-‘”rn.ﬂ’rnNRwa.|R/rra"> — A (1 - Z ‘lm) . ﬂ(q) |q|2 + qg ]

m

|.111.|(

q),

m,m’
. Long wave length components corresponding to
Minimization of F leads to small |g| are taken into account.
- — 0 (Rn—(p—l)|Rn—(;u—1)> 1 Xp—(p—1) 0
aﬂk e ces cen 1 Oy (p—1)+1 0
OF . oo (Ru|Ry) - .
aN — 1 1 0 3A 1
Optimum input density might be given by
:I n n
|111 | -
Pyl = Z Ccy 'i'??f."gnlin -+ -3 Z o Rm
m=n—(p—1) m=n—(p—1) G.Kresse and J. Furthmeuller,
PRB 54, 11169 (1996).




Norm of residual density matrix or charge density

Mixing methods

o, (a) Available mixing methods:
1 0_3 & =‘=-“q~n:;.e_.:.:“ﬁ_e e .".". seeseey
joo| — Simele oSt T Simple mixing (Simple)

_g| —— GR-Pulay
—— Kerker

2] —=— RMM_DIISK Residual minimization method in the direct inversion

" | —— Rum_DIISV Sialic acid | iterative subspace (RMM-DIIS)
105 —=— RMM-DIISH
0 10 20 30 40 50 .
Number of SCF iterations Guaranteed reduction Pulay method (GR-Pulay)
Jr—— T o
10 () Kerker mixing (Kerker)
107°F

- Simple oy
1077 —— RMM-DIIS %%, %,
_g| —— GR-Pulay S8
—— Kerker

RMM-DIIS with Kerker metric (RMM-DIISK)

&

B e T by oy e ey 1)

B WY, SRayppeaeeRle™ Y it crefeng)
ey

A
—— BMM-DIISK

107"%F —« BRMM_DIISV Pt13 Cluster
10~} —— RMM-DIISH L . .
010 20 30 a0 80 s0 70 80 s 100 RMM-DIIS for Hamiltonian (RMM-DIISH)

Number of SCF iterations

RMM-DIIS for Kohn-Sham potential (RMM-DIISV)

___________________

W T T (o] Recommendation:

RMM-DIISK or RMM-DIISV

Ny o,
i g

107°F RMM—DIS T BRI Vi pann - ] _

0ol e M N For DFT+U and constrained methods
—— RMM-DIISK et i

10-°F —— RMM-DIISV Pt63 cluster | RMM-DIISH

—=— RMM-DIISH

T Rusormns © 0 @ Seealso the page 63 in the manual.




Geometry optimization

To quantitatively investigate structural, physical, and chemical properties of
molecules and solids, it would be important to obtain optimized structures.

Steepest decent (SD) method

The structure is changed along the steepest decent step by step.

1 =

(o

It may not be so efficient.



Geometry optimization by the SD method

Let us change the x-coordinate of carbon Optimization process
atom in a methane molecule to 0.3 A as

(a)

Methane molecule

—
(-
o
IIIIII

<Atoms.SpeciesAndCoordinates
1 C 0.300000 0.000000 0.000000 2.02.0
2 H -0.889981 -0.629312 0.000000 0.5 0.5
3 H 0.000000 0.629312 -0.889981 0.5 0.5
4 H 0.000000 0.629312 0.889981 0.5 0.5
5 H 0.889981 -0.629312 0.000000 0.5 0.5
Atoms.SpeciesAndCoordinates>

Using “Methane2.dat” in the directory
“work”, you can trace the calculation.

Initial structure Final structure

“ —p

k;u& C 05 10 15 20 25

Number of Geomergy Optimization Steps

—
S
I
I

Norm of Maximum Force (Hartree/Bohr)




Relevant output files for the geometry optimization

In met2.out, the history of By dragging and dropping met2.md to
optimization can be confirmed. OpenMX Viewer, the optimization
process can be easily visualized.

EREE LSS S I RS LIS EE LSS SR EEEEEEEEEELLEEE SRR

History of geometry optimization
GRS HH KR S S KSR SR KK SRS KSR R AR KR Ao

openmx-square.org/viewer/inde %

HMO_iter  SD_scaling |Maximum forcel Maximum step Utot
(Hartree/Bohr) (Ang) (Hartree)

1 1.25981733 0.40873710 0.10583545 -5.09571722

2 1.25981733 0.12000148 0.08000039 -8.16523842

3 1.25981733 0.06115237 0.04076524 -5.18400222

4 1.25981733 0.01811189 0.01207460 -5.18831175

5 3.14954331 0.01076505 0.01794175 -5.18898468

6 3.14954331 0.00576811 0.00961351 -5.18980330

7 3.14954331 0.00355034 0.00591724 -8.13010991

8 3.14954331 0.00255760 0.00426266 -5.19022887

9 7.87385828 0.00218904 0.00912039 -8.19027446

10 7.87385828 0.00863395 0.03597478 -5.19023586

11 1.57477166 0.04692534 0.03910435 -5.18816953

12 1.57477166 0.01357319 0.01131039 -5.19012703

13 3.93692914 0.00406864 0.00847634 -5.19029047

14 3.93692914 0.00915707 0.01907723 -%.19022710

15 0.78738583 0.02067017 0.00861257 -5.18990108

16 0.78738583 0.00721609 0.00300671 -5.19025699

17 1.96846457 0.00255359 0.00265339 -5.13030094

18 1.96846457 0.00163789 0.00170613 -5.13030460 Structural Change

19 1.96846457 0.00105501 0.00109837 -5.19030613 time= 0.000 () Energy= -8.09572 (Hartree)
20 1.96846457 0.00068667 0.00071528 -8.19030671 Exame 1/=8

21 4.92116143 0.00044434 0.00115713 -5.19030697 Fist << < Stop > >> Last
22 4.92116143 0.00138402 0.00360421 -8.19030537 S p—— nwymh
232 0.98423229 0.00427346 0.00222576 -5.19028994 o T ;’::;lﬂ:"
24 0.98423229 0.00078570 0.00040922 -5.19030656

25 Z.46053071 0.00013628 0.00017745% —5.19030709 Supercell X xmA(oms rendering v iR N\nnberS_vmbol BGC Atom Size Bond Thickness Bond Factor
26 Z.46058071 0.00014411 0.00018765 -5.19030714 C’é“sﬁ"ﬂfsagngfg‘gm Zoi‘f_j‘f‘s‘c‘:Tm?ﬁ:f’jﬁﬂ.yﬁj;?ﬁﬁ:ﬁdgﬁfmm o)’;‘;;:;-vwmmkmnv Rownzm
27 0.49211614 0.00015118 0.00003937 -5.190320709

28 0.49211614 0.00008899 0.00002317 -5.13030713



Geometry optimization by Newton-type methods

By Taylor-expanding, we have

3N ¢ 3N 02
oF ) 1 o FE 0 0
E = E,+ Z (—ii’:r.-)n (2; — :::5”) +5 > (E:?:r-{’}rj) (x; — :1:5 ])[;1:‘.;- — .-1:";- N,
i S0 = I:_:J: <1 -.‘ ﬂ

The derivative of the total energy w.r.t. coordinates leads to
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oz,

HAx = —g,

By solving the Eqg. for Ax, we have
k(1) = x(m) _ (fm)y=1g(n).

If the Hessian matrix H can be computed, the method is efficient.
However, it may be difficult to evaluate H in general.



Geometry optimization by Newton-type methods

The geometry optimization in OpenMX is based on quasi Newton
methods. In Ver. 3.9, the following four methods are available.

. A e —1
hew = I'pis + AT Ar = —H “gprs
Methods of calculating approximate Hessian matrix H
DIIS BFGS RF(rational function) EF(eigenvector following)

H=| BEGS BFGS+RF BFGS plus monitoring
of eigenvalues of H

Broyden-Fletcher-Goldfarb-Shanno (BFGS) method

Agr)(Agi|  [HipAry) (ArpHy

Hy=Hp 1+
(Agy|Ary,) (Ary|Hi|Ary)

If the inner product in the red box is positive, the positive definiteness of H is guaranteed.



Approximate initial Hessian by Schlegel

Schlegel proposed a way of constructing an A
approximate Hessian. A force constant for every pair F —

of elements is fitted to the following formula, where (r _ B)3
dataset were constructed by B3LYP calculations.

H.B. Schlegel, Theoret. Chim. Acta (Berl.) 66, 333
(1984); J.M. Wittbrodt and H.B. Schlegel, J. Mol. Struc.

(Theochem) 398-399, 55 (1997).
Parameter B for Badger's rule computed at the B3LYP level of theory

Period 1H 2 Li-F 3 Na-Cl 4 K-Br 5 Rb-1 6 Cs-At
1 - (L2573 0.3401 0.6937 0.7126 (18335 0.9491]
2 0.9652 1.2843 1.4725 1.6549 1.7190
3 1.6925 1.8238 2.1164 2.3185
4 2.0203 2.2137 2.5206
5 2.3718 25110

Suppose the total energy is given by the sum of pairwise potentials. Then, the derivatives
lead to the following relation:

v=>¥|¥¥ta+r-nh | H = BF

2i Rn

where B is the B-matrix of Wilson, H is the approximate Hessian in Cartesian coordinate.



Number of optimization steps required for 10 hartree/bohr

Comparison of four methods

Molecules
200 : :
B EF
160r  mEM BFGs
RF
DlIS
120}

i ‘ _|

80r
40t |
0

Methane Glycine

CED

Sialic  Water Nitro CgHg
acid dimer

200

160}

120}

80t

40r

Bulks

B cF
B crFGS
RF

DIIS

Si;C Diamond
surface

BoCe: TiO, V.0 NaCl

« The benchmark calculations imply that the EF and RF work well.
« Large molecules with structural large freedom are hard to get convergence.

The input file and output files for the benchmark calculations are available

In openmx3.9/work/geoopt_example".




Keywords relevant to geometry optimization

MD.Type EF # Opt|DIIS|BFGS|RF|EF
MD.Opt.DIIS.History 3 # default=3

MD.Opt.StartDIIS 5 # default=5

MD.Opt.EveryDIIS 200 # default=200

MD.maxIter 100 # default=1

MD.Opt.criterion 1.0e-4  # default=0.0003 (Hartree/Bohr)

The behavior of the quasi Newton methods can be controlled by the following two
keywords:

MD.Opt.DIIS.History 3 # default=3
MD.Opt.StartDIIS 5 # default=5

The keyword 'MD.Opt.DIIS.History' gives the number of previous steps to estimate the
optimized structure used in the geometry optimization by 'DIIS', 'EF', and 'RF'. The
default value is 3.

The geometry optimization step at which 'DIIS', 'EF', or 'RF' starts is specified by the
keyword '‘MD.Opt.StartDI1S'. The geometry optimization steps before starting the
DI11S-type method is performed by the steepest decent method. The default value is 5.



ML
MO
ML
MO
ML
MO
ML

Variable cell optimization

Let us start optimization of diamond lattice with a displacement as

it ams Humber Z

Btoms.SpeciesfndCoordinates.Unit  frac # Ang|al

<htoms.opeciesfindCoardinates

I ¢ 0.10000000000000  O.00000000000000
2 G 0.Z000000000000 O.25000000000000

fitoms . SpecieshndCoordinat es»

ftoms.UnitVectors.Unit fng # Angl Al

<htoms.UnitYectars
1.6400 1.6400 0.0000
1.6400 0.0000 1.6400
0.0000 1.6400 1.6400

fitoms.UnitVectors>

Relevant keywords:

.Type EFCS
LOpt . DIIS.History 3
Lpt.5tartDIIS 7
Lpt .EveryDIIS 100000
.maxlter 100
Timestep 1.0
dpt.criterion 0.0002

Maximum Gradient (Hartree/Bohr)

1e-05
0

-0.05000000000000
0.25000000000000

=2 -2
= =

01}

001}

0.001}

0.0001 |

History of optimization

4 6 8 10 12

Optimization Step

The calculation can be traced by “Cdia-RF5.dat” in work/cellopt_example.

Please see also the page 74 in the manual.
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Mumber of Systems

40

35

£

29

20

15

10

Benchmark calculations of RFC5

performed by Mr. Miyata, Ph.D student in JAIST, as computational
screening in searching good thermoelectric materials

L gA/»t”“}/L{t%/»z’“Z,»]
aﬁ EANAl

/”\,* /”\,*
\ \/\ \e/‘\ c

The optimization criterion: 104 Hartree/bohr

The histogram shows the number of systems among
785 systems as a function of the number of iterations
to achieve the convergence

For 785 crystals (mostly sulfides) , the full optimization by RFC5 were

oo 10 200 30 40 bBo bR F0D 30 30 100 110 120 130 140 150 160 170 180 130 200

Mumber of Iterations

210



Restarting of calculations

« After finishing your first calculation or achieving the self consistency,
you may want to continue the calculation or to calculate density of
states, band dispersion, molecular orbitals, and etc. using the self
consistent charge in order to save the computational time. To do this,
a keyword 'scf.restart’ is available.

scf.restart on # on|off,default=off

o If the first trial for geometry optimization does not reach a
convergent result or molecular a dynamics simulation is terminated
due to a wall time, one can restart the geometry optimization using an
input file 'System.Name.dat#' which is generated at every step for the
restart calculation with the final structure.

See also the page 67 in the manual.



Output of large-sized files in binary mode

Large-scale calculations produce large-sized files in text mode such as cube files.
The 10 access to output such files can be very time consuming in machines of
which 10 access iIs not fast. In such a case, it is better to output those large-sized
files in binary mode. The procedure is supported by the following keyword:

OutData.bin.flag on # default=off, on|off
Then, all large-sized files will be output in binary mode. The default is 'off".

The output binary files are converted using a small code 'bin2txt.c’ stored in the
directory 'source' which can be compiled as

gcc bin2txt.c -Im -0 bin2txt
As a post processing, you will be able to convert as
Jbin2txt *.bin

The functionality will be useful for machines of which 10 access is not fast.

See also the page 320 in the manual.



